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1
ELONGATED MEMBER CHUCKING
APPARATUS AND ELONGATED MEMBER
CHUCKING METHOD

The present application claims priority from Japanese
Patent Application No. 2012-021770, filed on Feb. 3, 2012,
the entirety of which is hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to an elongated member
chucking apparatus and an elongated member chucking
method, in particular, an elongated member chucking appa-
ratus used for chucking an elongated member of a rod-like
shape and an elongated member chucking method using the
elongated member chucking apparatus.

BACKGROUND ART

A fastener used in assembly of an aircraft or the like is
known. Such fastener is formed in generally a rod-like shape
and sealing material (adhesive) is applied to a surface of the
fastener. By applying such fastener to an object of multiple
layers, the multiple layers are fastened together. A main
wing portion of the aircraft made by being fastened by such
fastener can prevent fuel leakage because of the sealing
material. Such fastener is desired to be applied properly to
the object to be fastened. Therefore, a fastener applying
apparatus is desired to hold such fastener more properly.

A suction holding device which can securely hold a
conveyed object having uneven surface such as a tile is
disclosed in the patent literature 1 (Japanese Patent Appli-
cation Publication JP2006-334687A). In the device, a con-
tact member for holding the conveyed object is an air-
permeable and is able to deform inelastically according to a
shape of outer surface of the conveyed object and stick to the
outer surface when it is in contact with the outer surface.

A suction-type transfer method is disclosed in the patent
literature 2 (Japanese Patent Application Publication
JP2005-263481A). With the method, it is possible to gen-
erate a negative pressure only at a required portion with
which a conveyed object is contact. Therefore, a size of a
negative pressure source can be reduced, and equipment
costs and operating costs can be reduced. The method
comprises sucking the conveyed object by utilizing a nega-
tive pressure, transferring the object to a predetermined
place, and releasing the object by releasing the negative
pressure. With the method, a plurality of suction sections,
which have a plurality of suction cups at the end of the
sections, respectively, are used. The method comprises con-
tacting the conveyed object to some of the plurality of
suction cups, sucking the object, transferring the object to
the predetermined place, and releasing the negative pressure.
With the method, the negative pressure is generated to only
some suction cups of the plurality of suction cups, which are
in contact with the object and are sticking to the object. On
the other hand, the negative pressure is not generated to the
other suction cups, which are not sticking to the object.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Publication
JP2006-334687A
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Patent Literature 2: Japanese Patent Application Publication
JP2005-263481A

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
elongated member chucking apparatus and an elongated
member chucking method, with which an elongated member
is held more properly by a chuck tool.

An optional object of the present invention is to provide
the elongated member chucking apparatus and the elongated
member chucking method, with which the elongated mem-
ber is positioned in a predetermined location or orientation
and the elongated member is held by the chuck tool.

An another optional object of the present invention is to
provide the elongated member chucking apparatus and the
elongated member chucking method, with which the elon-
gated member is positioned in a predetermined location or
orientation more securely and the elongated member is held
by the chuck tool.

An another optional object of the present invention is to
provide the elongated member chucking apparatus and the
elongated member chucking method, with which a fastener
is applied to an object to be fastened more properly.

The elongated member chucking apparatus according to
the present invention includes: a case having an inner
bottom surface; and a chuck tool having a lower surface. The
inner bottom surface of the case is a concave surface. Any
microscopic region on the inner bottom surface is lower as
a distance between a central axis of the concave surface and
the any microscopic region is smaller. The lower surface of
the chuck tool is a concave surface. Any microscopic region
on the lower surface is higher as a distance between a central
axis of the concave surface (the lower surface) and the any
microscopic region on the lower surface is smaller. The
elongated member is held by the chuck tool when the
elongated member inside the case is sandwiched between
the inner bottom surface and the lower surface. With the
elongated member chucking apparatus, the elongated mem-
ber of different size can be inserted into the case. Moreover,
when the elongated member is inside the case, the elongated
member is forced to move to a predetermined position
relative to the chuck tool by sandwiching the elongated
member between the inner bottom surface and the lower
surface. With such elongated member chucking apparatus,
the elongated member is positioned in the predetermined
location or orientation and the elongated member is held by
the chuck tool more properly.

The elongated member chucking apparatus according to
the present invention may further include a rotation mecha-
nism for rotating the chuck tool when the elongated member
is sandwiched between the inner bottom surface and the
lower surface. With such elongated member chucking appa-
ratus, the elongated member is forced to move to the
predetermined position more securely by rotating the chuck
tool when the elongated member is sandwiched between the
inner bottom surface and the lower surface, and the elon-
gated member is held by the chuck tool more properly.

The chuck tool of the elongated member chucking appa-
ratus according to the present invention may further include
a vacuum exhaust device connected to a hole formed in the
lower surface of the chuck tool. With the vacuum exhaust
device, the elongated member is held by the chuck tool by
generating a negative pressure in a space between the lower
surface of the chuck tool and the elongated member. With
such elongated member chucking apparatus, the elongated
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member is held by the chuck tool more properly, irrespective
of the material of the elongated member.

Adhesive may be applied to the elongated member. The
case is made of a material with a smaller affinity value for
the adhesive than a predetermined value. With such elon-
gated member chucking apparatus, even if the adhesive has
been stuck to the case, as compared to other cases made of
a material with a larger affinity value than the predetermined
value, the elongated member can be taken out from the case
more easily and it is possible to prevent the adhesive from
being separated from the elongated member.

The elongated member chucking apparatus according to
the present invention may further include a transfer device
configured to move the chuck tool for transferring the
elongated member to an object to be fastened when the
elongated member is held by the chuck tool. In other words,
the elongated member chucking apparatus may be applied to
an elongated member applying apparatus. With the elon-
gated member applying apparatus provided with such elon-
gated member chucking apparatus, the elongated member is
applied to the object to be fastened more properly because
the elongated member is held by the chuck tool properly.

The elongated member chucking apparatus according to
the present invention may further include a tray having a
plurality of cases including the above mentioned case. Any
one case of the plurality of cases, which is not the above
mentioned case, has an inner bottom surface same as the
above mentioned case. The inner bottom surface of the any
one case is a concave surface. Any microscopic region on
the inner bottom surface of the any one case may be lower
as a distance between a central axis of the concave surface
and the any microscopic region is smaller. With such elon-
gated member chucking apparatus, it is possible to convey
a plurality of the elongated members at a time easily without
sticking foreign material or contaminants to the plurality of
elongated members because the plurality of elongated mem-
bers are stored in the plurality of cases, respectively.

The elongated member chucking method according to the
present invention is performed using an elongated member
chucking apparatus. The elongated member chucking appa-
ratus includes: a case having an inner bottom surface; and a
chuck tool having a lower surface. The inner bottom surface
of the case is a concave surface. Any microscopic region on
the inner bottom surface is lower as a distance between a
central axis of the concave surface and the any microscopic
region is smaller. The lower surface of the chuck tool is a
concave surface. Any microscopic region on the lower
surface is higher as a distance between a central axis of the
concave surface (the lower surface) and the any microscopic
region on the lower surface is smaller. The elongated mem-
ber chucking method according to the present invention
includes: a step of moving the chuck tool and sandwiching
an elongated member inside the case between the inner
bottom surface and the lower surface; and a step of holding
the elongated member by the chuck tool when the elongated
member is sandwiched between the inner bottom surface
and the lower surface. With such elongated member chuck-
ing method, the elongated member moves to a predeter-
mined position relative to the chuck tool by sandwiching the
elongated member between the inner bottom surface and the
lower surface. Therefore, with such elongated member
chucking method using the elongated member chucking
apparatus, the elongated member is positioned in the pre-
determined location or orientation and the elongated mem-
ber is held by the chuck tool more properly.

The elongated member chucking method according to the
present invention may further include a step of rotating the
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chuck tool when the elongated member is sandwiched
between the inner bottom surface and the lower surface. The
elongated member is held by the chuck tool after rotating the
chuck tool. With such elongated member chucking method
using the elongated member chucking apparatus, the elon-
gated member is forced to move to the predetermined
position more securely by rotating the chuck tool when the
elongated member is sandwiched between the inner bottom
surface and the lower surface, and the elongated member is
held by the chuck tool more properly.

The elongated member chucking method according to the
present invention may further include a step of moving the
chuck tool for transferring the elongated member to an
object to be fastened when the elongated member is held by
the chuck tool. In other words, the elongated member
chucking method may be applied to an elongated member
applying method for applying the elongated member to the
object to be fastened. With such elongated member applying
method, the elongated member is applied to the object to be
fastened more properly because the elongated member is
held by the chuck tool properly.

With the elongated member applying apparatus and the
elongated member applying method, the elongated member
is positioned in the predetermined location or orientation
and the elongated member is held by the chuck tool more

properly.
BRIEF DESCRIPTION OF THE DRAWINGS

The above objects, other objects, effects, and character-
istics of the present invention will become clearer by the
description of embodiments with the drawings, in which:

FIG. 1 is a perspective view showing a fastener storage
container;

FIG. 2 is a sectional view showing the case;

FIG. 3 is a side view showing an elongated member
applying apparatus body;

FIG. 4 is a side view showing the fastener;

FIG. 5 is a block diagram of a control device;

FIG. 6 is a sectional view showing the fastener disposed
within the case;

FIG. 7 is a sectional view showing the fastener after the
chuck tool is rotated;

FIG. 8 is a sectional view showing the fastener held by the
chuck tool;

FIG. 9 is a sectional view showing the fastener that is
conveyed to the hole formed in the object to be fastened;

FIG. 10 is a sectional view showing the fastener inserted
into the hole formed in the object to be fastened;

FIG. 11 is a sectional view showing the fastener that has
been released from the chuck tool;

DESCRIPTION OF EMBODIMENTS

With reference to the drawings, embodiments of the
present invention will be explained below. Such elongated
member chucking apparatus is applied to an elongated
member applying apparatus for inserting a fastener in an
object to be fastened. The elongated member chucking
apparatus includes a storage holder for storing the fastener,
an elongated member applying apparatus body, and a control
device. As shown in FIG. 1, the storage holder 1 includes a
tray 2 and a plurality of cases 3-1, . . ., 3-» and (n=2, 3,
4,...). The tray 2 is made of a plastic. The tray 2 is formed
in a plate shape. The plurality of cases 3-1, . . ., 3-» are made
of the same plastic as the tray 2 is made of. The plurality of
cases 3-1, . . ., 3-n are formed in a generally cylindrical
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shape and have substantially the same shape with each other.
The plurality of cases 3-1, . . ., 3-n are arranged so that
longitudinal direction of the cylinders is parallel to each
other and the cases are in contact with each other, and are
fixed to the tray 2.

FIG. 2 shows any case 3-i (i=1, 2, 3, . . . , n) of the
plurality of cases 3-1, . . ., 3-n. The case 3-/ includes a side
portion 5 and a bottom lid portion 6. The side portion 5 is
formed in a cylindrical shape. One end of the cylinder which
is the side portion 5 is open. The other end, which is opposite
to the open end, of the side portion 5 and the bottom lid
portion 6 are connected to the tray 2. Thus, the case 3-i is
fixed to the tray 2. The inner side surface 7 of the side
portion 5 is formed along a side surface of an imaginary
cylinder having a predetermined diameter. In other words,
the inner side surface 7 of the side portion 5 is formed so that
a distance between any microscopic region on the inner side
surface 7 and the central axis 8 of the cylinder is constant.
The bottom lid portion 6 is disposed at an end portion of the
side portion 5, which is connected to the tray 2, and closes
its end. The bottom lid portion 6 includes an inner bottom
surface 11 and a hole 12. The inner bottom surface 11 may
be formed in a so-called mortar shape. In other words, the
inner bottom surface 11 is formed in a concave shape and is
formed along a side surface of an imaginary cone. Moreover,
the inner bottom surface 11 is formed so that the nearer a
distance between a point on the surface 11 and the central
axis 8 is, the further a distance between the point on the
surface 11 and the open end of the side portion 5 is. The hole
12 is formed in the inner bottom surface 11 and is located at
the cross point with the central axis 8. The hole 12 is formed
so that the inside of the case 3-i and the outside of the case
3-i is communicating with each other.

The tray 2 and the plurality of cases 3-1, . . ., 3-» are made
of the same raw material. Therefore, the fastener storage
holder 1 can be produced by injection molding. The fastener
storage holder 1, which is made by injection molding, can be
produced more easily compared to another fastener storage
holder, which is made by assembling a tray and a plurality
of cases produced separately.

FIG. 3 shows the eclongated member applying apparatus
body 14. The elongated member applying apparatus body 14
includes a base 15, a transfer device 16, a chuck tool 17, and
a rotating mechanism 18. The transfer device 16 supports the
base 15 to be movable relative to the base structure (not
shown). Further, the transfer device 16 moves the base 15 to
predetermined location according to an instruction from the
control device. The chuck tool is formed in a generally
cylindrical shape. The diameter of the cylinder (the chuck
tool 17) is slightly smaller than the inner diameter of the side
portion 5 of the case 3-i. The chuck tool 17 is supported by
the base 15 to be rotationally movable about an axis of
rotation 21. The rotation axis 21 is fixed to the base 15. The
chuck tool 17 includes a lower surface 22, a hole 23, and a
vacuum exhaust device (not shown). The lower surface 22 is
disposed on the side opposite to the side facing the rotating
mechanism 18. The lower surface 22 is formed in a so-called
mortar shape. The lower surface 22 is formed in a concave
shape, and is formed along a side surface of an imaginary
cone. The lower surface 22 is formed so that the rotation axis
21 passes through the apex of the cone. In other words, the
lower surface 22 is formed so that the nearer a distance
between a point on the surface 22 and the rotation axis 21 is,
the nearer a distance between the point on the surface 22 and
the base 15 is. The hole 23 is formed in the lower surface 22
and is located at the cross point with the rotation axis 21. The
hole is communicated with the vacuum exhaust device
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through a pipe (not shown). The vacuum exhaust device
draws air from a vicinity of the lower surface 22 through the
hole 23 according to an instruction from the control device,
and generates a negative pressure in the vicinity of the lower
surface 22. The rotating mechanism 18 rotates the chuck tool
17 about the rotation axis 21 according to an instruction
from the control device.

FIG. 4 shows the fastener of one type of a plurality of
fasteners types, which can be stored in the fastener storage
holder 1. The fastener 25 includes a counter-sunk bolt 26 and
a sleeve 27. The counter-sunk bolt 26 is made of titanium
metal. The counter-sunk bolt 26 comprises a head portion 28
and a cylindrical portion 29. The cylindrical portion 29 is
formed substantially in a cylinder whose shape is obtained
by rotating an imaginary rectangle about an axis 30. The
cylindrical portion 29 includes a male screw 33 at one end.
The head portion 28 is formed in a disk (For example,
truncated cone) whose shape is obtained by rotating an
imaginary predetermined plane figure about the axis 30. The
diameter of the disc is greater than the diameter of the
cylindrical portion 29. The head portion 28 is formed at the
opposite end of the end of the cylindrical section 29 where
the male screw 33 is formed. The head portion 28 includes
a head upper surface 31 and a head side surface 32. The head
upper surface 31 is formed on the opposite side of the
cylindrical portion 29. The head upper surface 31 is formed
flat. The head side surface 32 is formed along an imaginary
side surface of a truncated cone, and the apex of the
imaginary truncated cone is located inside the cylindrical
portion 29.

The sleeve 27 is made of a material (for example a plastic)
different from the fastener storage holder 1. The sleeve 27
includes a cylindrical portion 34 and a plate portion 35. The
cylindrical portion 34 is formed in a cylindrical shape. The
plate portion 35 is formed in a shape extending along the
side of an imaginary cone from one end of the cylindrical
portion 34. The sleeve 27 is disposed so that the cylindrical
portion 34 surrounds a part of the cylindrical portion 29 of
the counter-sunk bolt 26 and the plate portion 35 is closer to
the head portion 28 than the cylindrical portion 34. Further,
the sleeve 27 is disposed so that a part of cylindrical portion
where the male screw 33 is formed is exposed from the
sleeve 27. Moreover, the sleeve 27 is disposed so that a part
of cylindrical portion 29 where a distance from the head
portion 28 is smaller than a predetermined length is exposed
from the sleeve 27.

Further, regarding to the fastener 25, sealing material
(adhesive) is applied to an outer surface of the sleeve 27 and
the head side surface 32. Note that the fastener storage
holder 1 is made of the material with the affinity is relatively
small for the sealing material. In other words, the affinity
between the material (a plastic) of the fastener storage
holder 1 and the sealing material is sufficiently smaller than
the affinity between the material of the sleeve 27 and the
sealing material and is smaller than the affinity between the
material of the counter-sunk bolt 26 and the sealing material.

The fasteners of the plurality of types, respectively, are
formed in the same manner as the fastener 25, but the size
is different with each other.

Note that, the diameter of the inner side surface 7 of the
case 3-i is designed so that an angle between an axis 30 of
an fastener of any type out of the plurality of types and the
central axis 8 is smaller than a predetermined angle when the
fastener is disposed inside the case 3-i and is placed against
the inner side surface 7. Further, the diameter of the hole 12
of the case 3-i is designed so that the cylindrical portion 29
of the fastener of any type is not able to enter the hole 12.
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Moreover, the diameter of the hole 23 of the chuck tool 17
of the elongated member applying apparatus body 14 is
designed so that the head portion 28 of the fastener of any
type is not able to enter the hole 23.

FIG. 5 shows the control device. The control device 41 is
a computer, and includes a CPU (not shown), a storage
device (not shown), and an interface (not shown). The CPU
controls the storage device and the interface by executing a
computer program installed into the computer from a non-
transitory computer-readable recording medium. The stor-
age device records the computer program and, temporarily
records information created by the CPU.

The interface outputs information generated by an exter-
nal device, which is connected to the control device 41 so
that the information can be transmitted, to the CPU. The
interface outputs information generated by the CPU to the
external device. The external device is, for example, an input
device, output device, a communication device, a removable
memory drive, etc. The input device creates information by
being operated by a user, and outputs the information to the
CPU. The input device is, for example, a keyboard, a
pointing device, a touch panel, etc. The output device
outputs information generated by the CPU recognizably to
the user. The output device is, for example, a display, an
audio device, a touch panel, etc. The communication device
transfers information generated by the CPU to another
computer via a communication network, and transfers infor-
mation received from the other computer via the communi-
cation network to the CPU. Further, the communication
device is used for downloading a computer program to be
installed on the computer from another computer. The
removable memory drive is used for reading data recorded
on a recording medium when the recording medium is
inserted therein. Further, the removable memory drive is
used for installing a computer program on the computer
when a recording medium having the computer program
recorded thereon is inserted. The recording medium is, for
example, a magnetic disc (a flexible disk, a hard disk), an
optical disk (CD, DVD), a magneto-optical disk, flash
memory, etc. Further, the control device 41 is connected to
the transfer device 16, the vacuum exhaust device of the
chuck tool 17, and the rotating mechanism 18 via the
interface so that the information can be transmitted.

The control device 41 realizes a plurality of functions,
respectively, by the computer program installed in the con-
trol device 41. A function of a chuck section 42 and a
function of an elongated member insertion section 43 are
included in the plurality of functions.

The chuck section 42 controls the transfer device 16 so
that the central axis 8 coincides with the rotation axis 21 and
the fastener 25 is sandwiched between the lower surface 22
of the chuck tool 17 and the upper bottom surface 11 of the
case 3-i with a predetermined force when the fastener is
disposed in the case 3-i of the plurality of cases 3-1, ..., 3-n.
The chuck section 42 controls the rotating mechanism 18 so
that the chuck tool 17 rotates about the rotation axis 21 when
the central axis 8 of the case 3-i coincides with the rotation
axis 21 and the fastener 25 is sandwiched between the upper
bottom surface 11 and the lower surface 22 with the prede-
termined force. The chuck section 42 controls the vacuum
exhaust device of the chuck tool 17 so that the fastener 25
is held by the chuck tool 17 by generating the negative
pressure between the fastener 25 and the lower surface 22 of
the chuck tool 17 when the axis 30 of the fastener 25
coincides with the rotation axis 21.

The elongated member insertion section 43 controls the
transfer device 16 so that the axis 30 of the fastener 25
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coincides with an axis of the hole formed in the object to be
fastened when the fastener 25 is held by the chuck tool 17.
The elongated member insertion section 43 controls the
transfer device 16 so that the fastener 25 is inserted in the
hole when the axis 30 of the fastener 25 coincides with the
axis of the hole formed in the object to be fastened. Further,
the elongated member insertion section 43 controls the
vacuum exhaust device of the chuck tool 17 so that the
fastener 25 is released from the chuck tool 17 after the
fastener 25 has been inserted in the hole formed in the object
to be fastened.

One embodiment of the elongated member chucking
method according to the present invention is applied to the
elongated member applying method for inserting the fas-
tener in the object to be fastened, and this embodiment is
executed by the elongated member chucking apparatus.
Firstly, the user produces the plurality of fasteners, and
places the plurality of fasteners in the plurality of cases
3-1, ..., 3-r of the fastener storage holder 1, respectively.
The fastener 25 is disposed in the case 3-i so that the axis 30
of' the fastener 25 is not aligned with the central axis 8 of the
case 3-i and the fastener 25 is placed against the inner side
surface 7 as shown in FIG. 6 when the fastener 25 is inserted
in the case 3-i of the plurality of cases 3-1, . . ., 3-n.

There is a case in which the sealing material applied to the
fastener 25 sticks to the inner side surface 7 of the case 3-i
when the fastener 25 is placed against the inner side surface
7. It is possible to prevent the sealing material from sepa-
rating from the fastener 25 when the fastener 25 is separated
from the inner side surface 7 because the fastener storage
holder 1 is made of the plastic whose affinity is relatively
small for the sealing material.

After placing the plurality of fasteners in the plurality of
cases 3-1, . .., 3-n, respectively, the user covers the plurality
of cases 3-1, . . ., 3-» with a cover. The cover can prevent
foreign material from entering into the plurality of cases
3-1, ..., 3-n before the plurality of fasteners are used and
therefore prevent the decline of adhesion force of the sealing
material resulted from the adhesion of the foreign material
to the sealing material of the fastener 25.

Next, the user fixes the object to be fastened to the base
structure. Then, after the elongated member applying appa-
ratus body 14 and the object to be fastened are disposed to
predetermined positions, respectively, the user removes the
cover from the fastener storage holder 1 and places the
fastener storage holder 1 at a predetermined position with
respect to the elongated member applying apparatus body
14.

After the fastener storage holder 1, the elongated member
applying apparatus body 14, and the object to be fastened are
disposed to the predetermined positions, respectively, the
control device 41 controls the transfer device 16 to move the
chuck tool 17 so that the central axis 8 of the case 3-i of the
plurality of cases 3-1, . . ., 3-» in which the fastener 25 is
placed coincides with the rotation axis 21 as shown in FIG.
6 and the fastener 25 is sandwiched between the lower
surface 22 of the chuck tool 17 and the upper bottom surface
11 of the case 3-i with the predetermined force. When the
central axis 8 of the case 3-i coincides with the rotation axis
21 and the fastener 25 is sandwiched between the upper
bottom surface 11 and the lower surface 22 with the prede-
termined force, the control device 41 controls the rotating
mechanism 18 to rotate the chuck tool 17 about the rotation
axis 21 a predetermined amount.

Even if the fastener 25 is disposed in the case 3-/ in the
condition that the axis 30 of the fastener 25 is not aligned to
the central axis 8 of the case 3-i, the fastener 25 moves so
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that the axis 30 coincides with the central axis 8 of the case
3-i, namely, the axis 30 coincides with the rotation axis 21
as shown in FIG. 7 by rotating the chuck tool 17 sufficiently.

When the axis 30 of the fastener 25 coincides with the
rotation axis 21 and after the rotation of the chuck tool 17 is
stopped, the control device 41 controls the vacuum exhaust
device to generate the negative pressure in the space
between the fastener 25 and the lower surface 22 of the
chuck tool 17. Note that, a pressure inside the case 3-i is
always the same as a pressure outside the case 3-i, because
air can flow into the case 3-i through the hole 12 which is
communicated with the outside of the case 3-i. Therefore,
the fastener 25 is held by the chuck tool 17 with the state that
the axis 30 of the fastener 25 coincides with the rotation axis
21 by the pressure difference between the space, which is
formed between the fastener 25 and the lower surface 22 of
the chuck tool 17, and the inside of the case 3-i. When the
fastener 25 is held by the chuck tool 17, the control device
41 controls the transfer device 16 to move out the chuck tool
17 from the case 3-i and take out the fastener 25 from the
case 3-i as shown in FIG. 8.

As shown in FIG. 9, the object 51 to be fastened includes

a plurality of plate-shaped members 52-1, . . ., 52-m (m=2,
3,4, ...). Apart of a finished product is formed by fixing
the plurality of plate-shaped members 52-1, ..., 52-m to a

predetermined position with each other. The hole 53 is
formed in the object 51 to be fastened. The hole 53 is formed
in a cylindrical shape whose side surface is along a side
surface of an imaginary cylinder which is obtained by
rotating an imaginary rectangle about an axis 54. The hole
53 extends through the object 51 to be fastened. The hole 53
is formed by aligning a plurality of holes formed in the
plurality of plate-shaped members 52-1, . . . , 52-m, respec-
tively. Further, a countersink wall surface 55 is formed in the
object 51 to be fastened. The countersink wall surface 55 is
formed in a shape of a side surface of a cone so as to be in
close contact with the plate portion 35 of the fastener 25
when the fastener 25 is inserted into the hole 53. A plurality
of holes are formed in the object 51 to be fastened in the
same manner as the hole 53 is formed.

After the fastener 25 is taken out from the case 3-i, the
control device 41 controls the transfer device 16 to move the
fastener 25 so that the axis 30 of the fastener 25 coincides
with the axis 54 of the hole 53 formed in the object 51 to be
fastened as shown FIG. 9. After the axis 30 of the fastener
25 coincides with the axis 54 of the hole 53 formed in the
object 51 to be fastened, the control device 41 controls the
transfer device 16 to move the fastener 25 in a direction
parallel to the axis 30 and insert the fastener 25 into the hole
53 formed in the object 51 to be fastened so that the plate
portion 35 of the fastener 25 is close contact with the
countersink wall surface 55 as shown FIG. 10.

After the fastener 25 is inserted into the hole 53 so that the
plate portion 35 of the fastener 25 is close contact with the
countersink wall surface 55, the control device 41 controls
the vacuum exhaust device to release the fastener 25 from
the chuck tool 17. After the fastener 25 is released from the
chuck tool 17, the control device 41 controls the transfer
device 16 to separate the chuck tool 17 from the fastener 25.

The control device 41 repeatedly executes an operation
from chucking the fastener to inserting the fastener to the
hole formed in the object 51 to be fastened until the plurality
of fasteners are inserted into the plurality of holes formed in
the object to be fastened, respectively.

By repeatedly applying the impact force to the head upper
surface 31 of the counter-sunk bolt 26 of the fastener 25, the
user inserts the fastener 25 into the hole 53 until the head
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side surface 32 of the counter-sunk bolt 26 of the fastener 25
hits the countersink wall surface 55 via the plate portion 35
of the sleeve 27. Further, by attaching a nut (not shown) to
the male screw 33 of the counter-sunk bolt 26 of the fastener
25 which extends from the bottom surface of the object 51
to be fastened, the user fastens the plurality of plate-shaped
members 52-1, . . ., 52-m of the object 51 to be fastened.

According to the elongated member chucking method
mentioned above, it is possible to prevent from the foreign
material from sticking to the sealing material and it is
possible to prevent the sealing material from being peeled
because the fastener is stored inside the case 3-i from the
time of producing the fastener 25 to the time of being held
by the chuck tool 17.

A shelf plate for holding a plurality of fasteners is known.
The shelf holds the portion of the cylindrical portion 29,
which extends from the sleeve 27. In general, such a shelf is
made of a metal, which is an elastic body, and holds the
plurality of fasteners with the elastic force. The fastener
storage holder 1 can be made of the plastic, and be made
lighter in weight than the shelf plate. Further, when the shelf
plate is produced to hold some size of fastener, there is a case
that the shelf plate is not able to hold another type of fastener
with a different size. Therefore, it is necessary to prepare a
plurality of types of shelf plates corresponding to a plurality
of types of fasteners when an elongated member applying
apparatus with such shelf plates is used with the plurality of
types of fasteners of various sizes. With the elongated
member chucking apparatus, it is possible to store the
plurality of types of fasteners of various sizes by using one
kind of the fastener storage holder 1. Therefore, the elon-
gated member chucking apparatus can be produced more
easily than another elongated member chucking apparatus
with such shelf plates. Regarding to the plurality of types of
fasteners, a quotient obtained by dividing the maximum
length of the fastener of the plurality of types by the
minimum length of the fastener of the plurality of types is
approximately 4, and a quotient obtained by dividing the
maximum diameter of the fastener of the plurality of types
by the minimum diameter of the fastener of the plurality of
types is approximately 2. The length of the fastener 25 is
defined as the length between two planes perpendicular to
the axis 30 when the fastener is sandwiched between the two
planes. The diameter of the fastener is defined as the width
between two planes parallel to the axis 30 when the head
portion 28 is sandwiched between the two planes.

According to the elongated member chucking method
mentioned above, with the elongated member chucking
apparatus, it is possible to hold the fastener 25 by the chuck
tool 17 more easily so that the axis 30 of the fastener 25
coincides with the rotation axis 21. As a result, according to
such elongated member chucking method, with the elon-
gated member chucking apparatus, it is possible to insert the
fastener 25 into the hole 53 formed in the object 51 to be
fastened more properly and it is possible to fasten the
plurality of plate-shaped members 52-1, . . ., 52-m of the
object 51 to be fastened more properly.

Note that the fastener storage holder 1 can be replaced
with another fastener storage holder which is produced by
assembling a tray and a plurality of cases, which are
produced separately. Also, the fastener storage holder 1 can
be replaced with another fastener storage holder which is
made of a material whose affinity is relatively high for the
sealing material applied to the fastener 25. With regard to the
fastener storage holder which is made of the high affinity
material for the sealing material, the surface of the fastener
storage holder to which the sealing material of the fastener
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25 is possible to stick (for example the inner side surface 7
and the upper bottom surface 11) is coated with low affinity
material for the sealing material. With regard to the elon-
gated member chucking apparatus with such fastener storage
holder, it is possible to hold the fastener 25 by the chuck tool
17 properly in the same manner as the elongated member
chucking apparatus of above-mentioned embodiment. Fur-
ther, the fastener storage holder 1 can be replaced with
another fastener storage holder which is made of a material
selected irrespective of the characteristic of the sealing
material. Such fastener storage holder can be used in a case
that the separation of the sealing material of the fastener 25
is not seemed to be a big problem or in a case that the
fastener without the sealing material is used. In the case
mentioned above, with such fastener storage holder, it is
possible to hold the fastener 25 by the chuck tool 17 properly
in the same manner as the elongated member chucking
apparatus of above-mentioned embodiment.

Note that the inner side surface 7 of the case 3-i can be
replaced with another side surface formed in another shape
different from the shape of the side surface of the cylinder.
The shape is, for example, a prism with a regular polygon
bottom surface. With such elongated member chucking
apparatus with the case having such inner side surface, it is
possible to hold the fastener 25 by the chuck tool 17 properly
in the same manner as the elongated member chucking
apparatus of above-mentioned embodiment.

Note that the upper bottom surface 11 of the case 3-i can
be replaced with another upper bottom surface formed in
another concave surface different from the side surface of
the cone. The upper bottom surface 11 is formed so that the
depth of any point on the intersection line of any plane
including the central axis 8 and the upper bottom surface 11
monotonically decreases as the distance from the any point
to the central axis 8 increases. The concave surface is, for
example, a side surface of a pyramid, a non-developable
surface. The non-developable surface is one in which an
intersection line of a plane including the central axis 8 and
the upper bottom surface 11 is formed a curve different from
a straight line between the inner side surface 7 and the
central axis 8. The non-developable surface is one in which
the intersection line is, for example, an upward convex line
(for example a part of spherical surface), a downward
convex line, etc. With the elongated member chucking
apparatus having such upper bottom surface in the case, it is
possible to hold the fastener 25 by the chuck tool 17 properly
in the same manner as the elongated member chucking
apparatus of above-mentioned embodiment.

Note that the lower surface 22 of the chuck tool 17 can be
formed in another concave surface different from the side
surface of the cone same as the upper bottom surface 11 of
the case 3-i. The lower surface is formed so that the depth
of any point on the intersection line of any plane including
the rotation axis 21 and the lower surface monotonically
decreases as the distance from the any point to the central
axis 21 increases. With the elongated member chucking
apparatus having such lower surface, it is possible to hold
the fastener 25 by the chuck tool 17 properly in the same
manner as the elongated member chucking apparatus of
above-mentioned embodiment.

Note that the rotating mechanism 18 may be replaced by
another rotating mechanism which converts the movement
of narrowing a distance between the base 15 and the chuck
tool 17 to the rotation of the chuck tool 17. Such rotating
mechanism is well-known, and such rotating mechanism is
applied to, for example, an automatic driver. With the
elongated member chucking apparatus having such rotating
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mechanism, it is possible to hold the fastener 25 by the
chuck tool 17 properly in the same manner as the elongated
member chucking apparatus of above-mentioned embodi-
ment.

Note that the rotating mechanism 18 may be replaced by
avibration device 18a which applies a vibration to the chuck
tool 17. The control device 41 controls the vibration device
to vibrate the chuck tool 17 when the central axis 8 of the
case 3-i coincides with the rotation axis 21 and the fastener
25 is sandwiched between the upper bottom surface 11 and
the lower surface 22 with a predetermined force. As the
chuck tool 17 is vibrated sufficiently, the fastener 25 moves
so that the axis 30 coincides with the central axis 8 of the
case 3-i as shown in FIG. 7, in other words, the axis 30
coincides with the rotation axis 21. Therefore, with the
elongated member chucking apparatus having such vibra-
tion device, it is possible to hold the fastener 25 by the chuck
tool 17 properly in the same manner as the elongated
member chucking apparatus of above-mentioned embodi-
ment.

Note that the rotating mechanism 18 may be omitted,
when the upper bottom surface 11 of the case 3-i and the
lower bottom surface 22 are formed steep sufficiently. In this
case, as the fastener 25 is sandwiched by a predetermined
force, the fastener 25 moves so that the axis 30 coincides
with the central axis 8 of the case 3-i as shown in FIG. 7, in
other words, the axis 30 coincides with the rotation axis 21.
Therefore, with the elongated member chucking apparatus
without the rotating mechanism 18, it is possible to hold the
fastener 25 by the chuck tool 17 properly in the same manner
as the elongated member chucking apparatus of above-
mentioned embodiment.

Note that at least one of the transfer device 16, rotating
mechanism 18 or the control device 41 may be omitted. In
this case, the user manually operates the chuck tool 17 so
that the chuck tool 17 moves to a predetermined location, the
chuck tool 17 rotates, or the chuck tool 17 holds the fastener
25. With the elongated member chucking apparatus without
at least one of the transfer device 16, rotating mechanism 18
or the control device 41, it is possible to hold the fastener 25
by the chuck tool 17 properly in the same manner as the
elongated member chucking apparatus of above-mentioned
embodiment.

Note that the hole 23 may be replaced with another hole
which is formed at a different location from the location in
the upper bottom surface 11. The different location is, for
example, a location in a region of the inner side surface 7
where the fastener does not contact with. With the elongated
member chucking apparatus having such hole in the case 3-i,
it is possible to hold the fastener 25 by the chuck tool 17
properly in the same manner as the elongated member
chucking apparatus of above-mentioned embodiment.

Note that the chuck tool 17 may be replaced by another
chuck device which holds the fastener 25 in a manner
different from the vacuum chuck. The means for chucking is,
for example, a mechanical chuck, a magnetic chuck, etc.
With the elongated member chucking apparatus having the
mechanical chuck, it is possible to hold the fastener 25 by
the chuck tool properly in the same manner as the elongated
member chucking apparatus of above-mentioned embodi-
ment. The elongated member chucking apparatus having the
mechanical chuck, the number of parts is relatively large and
the size is relatively large. Therefore, the elongated member
chucking apparatus having the chuck tool 17 mentioned
above can be produced more easily compared to the elon-
gated member chucking apparatus having such mechanical
chuck. The elongated member chucking apparatus having
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the magnetic chuck can be applied when the fastener 25 is
made of magnetic material, and hold the fastener 25 by the
chuck tool properly in the same manner as the elongated
member chucking apparatus of above-mentioned embodi-
ment. However, the elongated member chucking apparatus
having the magnetic chuck cannot hold the fastener 25 when
the fastener 25 is not made of magnetic material. The
elongated member chucking apparatus having the vacuum
chuck or the mechanical chuck can hold the fastener made
of more various materials compared to the elongated mem-
ber chucking apparatus having the magnetic chuck.

The elongated member chucking apparatus can also be
applied to another apparatus which holds another elongated
member different from the fastener 25. Such another appa-
ratus and such elongated member are, for example, a
machine tool and a drill, respectively. With such another
apparatus, it is possible to hold such another elongated
member by the chuck tool properly in the same manner as
the elongated member chucking apparatus of above-men-
tioned embodiment.

The invention claimed is:

1. An elongated member chucking apparatus comprising:

a case having a bottom lid portion, a side portion and an

open end which is arranged opposite to the bottom lid
portion, the bottom lid portion including an inner
bottom surface;
a chuck tool having a lower surface; and
a rotating mechanism,
wherein said inner bottom surface of the case is formed in
a concave shape or a substantial V-shape, and any point
on said inner bottom surface is lower as a distance from
a central axis of the inner bottom surface is smaller,

wherein said lower surface of the chuck tool is formed in
a concave shape or a substantially inverted V-shape,
and any point on said lower surface is higher as a
distance from a central axis of the lower surface is
smaller,

wherein the chuck tool is configured to hold an elongated

member in a predetermined orientation in a state in
which said elongated member inside the case is sand-
wiched between said inner bottom surface and said
lower surface,

wherein the rotating mechanism is configured to rotate

said lower surface of the chuck tool in the state in
which said elongated member inside the case is sand-
wiched between said inner bottom surface and said
lower surface, and

wherein the chuck tool is configured to take out said

elongated member through the open end.

2. The elongated member chucking apparatus according
to claim 1, wherein said chuck tool comprises a vacuum
exhaust device connected to a hole formed in said lower
surface of the chuck tool,

wherein said vacuum exhaust device is configured to

generate a negative pressure in a space between said
lower surface of the chuck tool and said elongated
member, and

wherein the chuck tool is configured to hold said elon-

gated member in said predetermined orientation by said
negative pressure.

3. The elongated member chucking apparatus according
to claim 1, wherein said elongated member is provided with
an adhesive thereon, and

wherein said case is made of a material with a smaller

affinity value for said adhesive than a predetermined
value.
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4. The elongated member chucking apparatus according
to claim 1 further comprising:

a transfer device configured to move the chuck tool for
transferring said elongated member to an object to be
fastened in a state in which said elongated member is
held by the chuck tool.

5. The elongated member chucking apparatus according

to claim 1 further comprising:

a tray having a plurality of said cases.

6. An elongated member chucking apparatus comprising:

a case having a bottom lid portion, a side portion and an
open end which is arranged opposite to the bottom lid
portion, the bottom lid portion including an inner
bottom surface;

a chuck tool having a lower surface; and

a vibration device,

wherein said inner bottom surface of the case is formed in
a concave shape or a substantial V-shape, and any point
on said inner bottom surface is lower as a distance from
a central axis of the inner bottom surface is smaller,

wherein said lower surface of the chuck tool is formed in
a concave shape or a substantially inverted V-shape,
and any point on said lower surface is higher as a
distance from a central axis of the lower surface is
smaller,

wherein the chuck tool is configured to hold an elongated
member in a predetermined orientation in a state in
which said elongated member inside the case is sand-
wiched between said inner bottom surface and said
lower surface,

wherein the vibration device is configured to apply a
vibration to said lower surface of the chuck tool in the
state in which said elongated member inside the case is
sandwiched between said inner bottom surface and said
lower surface, and

wherein the chuck tool is configured to take out said
elongated member through the open end.

7. An elongated member chucking method, the method
being performed using an elongated member chucking appa-
ratus,

wherein the elongated member chucking apparatus com-
prises:

a case having a bottom lid portion, a side portion and an
open end which is arranged opposite to the bottom lid
portion, the bottom lid portion including an inner
bottom surface; and

a chuck tool having a lower surface,

wherein said inner bottom surface of the case is formed in
a concave shape or a substantial V-shape, and any point
on said inner bottom surface is lower as a distance from
a central axis of the inner bottom surface is smaller, and

wherein said lower surface of the chuck tool is formed in
a concave shape or in a substantially inverted V-shape,
and any point on said lower surface is higher as a
distance from a central axis of the lower surface is
smaller,

the elongated member chucking method comprising:

moving the chuck tool and sandwiching an elongated
member inside the case between said inner bottom
surface and said lower surface,

holding said elongated member by the chuck tool in a
predetermined orientation when said elongated mem-
ber is sandwiched between said inner bottom surface
and said lower surface,

rotating said lower surface of the chuck tool in advance of
said holding when said elongated member inside the
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case is sandwiched between said inner bottom surface
and said lower surface, and

taking out said elongated member through the open end
using the chuck tool.

8. The elongated member chucking method according to

claim 7 further comprising:

moving the chuck tool for transferring said elongated
member to an object to be fastened when said elongated
member is held by the chuck tool.
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